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My invention relates to motor-control sys-

tems and it has particular relation to such
systems as are employed in connection with
cold-rolled-strip-mill operations, wire draw-
ing equipment where the wire ic reduced in
area by drawing through successive dies and
the like.
. It is customary practice in the steel-mill
industry today to arrange cold-roll-strip
mills in tandem and have each mill individu-
ally driven by a direct-current motor, and
the usual practice is, further, to have the ten-
sion in the material extending between suc-
cessive motor stands controlled by hand-
manipulated field rheostats.

Because of the variations in roll tempera-
ture and in gauge of the entering strip, it is

necessary to adjust the field rheostats more or

less frequently in order to properly control
the loops between stands. ‘

If automatic means were provided to con-
trol the speed of the motors, the tension on
the strip could be maintained between stands,
and manipulation of the field rheostats would
be unnecessary.

It is the general belief of manufacturers
that the strength and quality of the strip steel

is improved by maintaining a uniform ten-.

sion between the stands, and that the use of
the tension enables the operator to use higher
rolling speed for a given reduction, thus in-
creasing the production. .

One of the objects of my invention is to
provide a system whereby the tension upon
a continuous stock of material traversing

'metal-reducing devices or mills is maintained

* substantially uniform.
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A further object of my invention is to
provide a system of control, as set forth
above, in which the controlling means is auto-
matically operable. :

Another object of my invention'is to pro-
vide a system of the above-described charac-
ter in which direct-current adjustable-speed

motors are used wherein shunt and differ-

ential field windings are so arranged that

the speed is automatically regulated in ac-

cordance with the loads on the successive
motors to. maintain substantiallv uniform

tension on the piece of material being worked
in the mills. ,
Further objects of my invention will be-
come apparent when considered in relation
to the accompanying drazwing, wherein the
single figure is a diagrammatic view repre-
senting circuits and apparatus employed for

- controlling the mill motors, in accordance

with my invention.

Referring to the drawing, a source of en-
ergy-1is indicated by line conductors 1 and
2 for supplying current to driving motors
3, 4, 5 and 6, respectively, coupled to rolling
mills 7, 8, 9 and 10 which operate upon
the cold-rolled strip -11. The strip 11 is
wound, after being rolled, upon a reel indi-
cated at 12. The motors 8, 4, 5 and 6 are
coupled to the mills 7, 8, 9 and 10 by any con-
venient and practical means, illustrated here
as shafts 13, 14, 15 and 16.

The motor 3 embodies a series field wind-
ing 17 and a shunt field winding 18 which
has a variable resistor 19 connected in series
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relation therewith. A differential field

winding 20 is also employed to regulate the
excitation. The field winding 20 receives its
exciting current from the armature of the
motor 4 and is connected in series relation to
the series field winding 21 of that motor.
Motor 4 also has a shunt field winding 18
and a differential field winding 20 similar
tothose described in connection with the first

motor 3. The shunt field winding 18 also’

has a variable resistor 19 connected in series
relation thereto for varying the current flow-
ing through it. Motors 4 and 5 have similar
field , windings and controlling means.
Motor 6 is similar to motors 4 and 5, with the
exception that, being the last motor in the
line of operation, it has no differential field
winding 20. ‘

The motors may be connected to supply
conductors 1 and 2 by means of relays 25 as-
sociated with each motor. The relays 25 are
controlled by means of a circuit,-such as
represented here by conductors 27 and 28,

.and a control circuit relay 29 is connected in

series. relation to the actu:ting coils of the
motor relays 25 for transmitting energy from
the sunvlv condnetors 1 and 9. The eontrol
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circuit ‘relay 929"is a common type of relay

. having an exciting coil 81 in series with
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a normally closed stop push button 32.and a
‘normally open push button 33 and an inter-
lock 34 for shunting the start button 33 when
the relay closes. . .

Assuming that the apparatus is in its in-
operative position, to start the rolling mills,
the start push button 83 is closed, causing
relays 25 to be energized, which in turn, con-
nect the mill motors 3, 4, 5and 6 to the source
of supply indicated by conductors 1 and 2.
When the rolls are started and no material

-is being worked, the speed of motor 3 may

be regulated by the variable rheostat 19 in
itw shunt field circuit in order that the de-

- livery speed of the first mill 7 shall be ap-
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proximately 10% less than the speed of the -
“set from which the metal stock is issuing in

second mill 8, so that, when the strip enters
the second mill 8, tension will be established
between the mills 7 and 8. i
When a metal strip enters the second mill
8, under these conditions, it will be rapidly
taken up and put under tension, causing an
additional load to be placed on the motor
4 driving mill 8; and a correspondingly in-
creased value of current will flow through the
The armature cur-
rent also passes through the differential se-
ries field winding 20 on the motor 3 as50-
ciated with the first mill 7 and, as a result of
the decreased field strength caused thereby, its
speed increases, thereby reducing the tension
between the mill 7 and 8 and causing less cur-

‘rent to flow through the second motor 4.

Tt is evident that a balanced condition will
be reached when the speed of the mill in-
creases to a value which causes a predeter-
mined decrease in the load and current on

“the second motor 4. It is also evident that,

by adjusting the resistor 19 which is con-
nected in series relation to the shunt field
winding of the motor 4, coupled to the second
mill 8, any desired tension within the ca-
pacity of the equipment may be maintained
between the mills 7 and 8. -

Any number of mills may be employed and
each successive motor may be arranged to
operate similarly to the motors just de-
scribed ; that is to say, the operation of fur-
ther motors, such as 5, associated with the re-
mainder of the mills, as illustrated in the
drawing, will be identical with that of motor
4. However, the last motor 6 in the line,
which differs:in construction as explained
above, will, not so operate, and there is no
necessity for it doing so. - .

‘While I have shown my invention, in a pre-

“ferred form, as applied to cold-rolled-strip

mills, it is apparent that such a system may be
utilized in connection with other similarly
operated apparatus. As it is also possible that
modifications may be made in the arrange-
ment of circuits and apparatus employed
without departing from the spirit of my in-

1,795,014

vention, I do not wish to limit my invention

to the specific embodiment illustrated, but de-

sired that only such limitations shall be im-

posed as are indicated in the appended claims.

I claim as my invention: »

1. In a control system for a rolling mill
provided with a plurality of sets of reducing
rolls disposed to operate in tandem relation,
in combination, a plurality of variable-speed
motors for operating the reducing rolls, sdid
motors being provided with shunt-field wind-
ings for controlling the initial relative speeds
between roll sets before the stock to be rolled

enters the rolls, and an auxiliary fleld wind-

ing for each motor, said auxiliary field wind-
ings being interconnected between adjacent
motors in such manner as to cause a variation
in the field strength of a motor driving a roll

response to a variation in the load upon a mo-
tor driving a roll set which is receiving the
metal stock, thereby to regulate the tension
on the stock between roll sets by varying the
speed of the delivering roll set.

2. In an electric drive for a rolling mill for

rolling metal stock comprising a plurality of -

roll sets in tandem relation, in combination, a
plurality of motors for operating the roll sets,
each motor being provided with a cumulative
and a differential series-field winding and a
shunt-field winding, a source of power for
the motors, said motors being connected in
parallel circuit relation to the power source,
means for controlling the excitation of the
shunt-field windings to regulate the no-load
speed of the motors, the differential series-
field winding of one motor being responsive
to the load current of the next preceding mo-
tor, whereby a substantially uniform and pre-
determined tenSion is automatically main-

tained on the metal stock between the roll

sets.

8. A control system comprising a plurality
of metal-working devices arranged in tandem
relation for simultaneous action upon a single
length of stock, a motor for operating each
metal-working device, said motors having
series and shunt field windings, the series-
field winding of one motor being connected in
the armature circuit of the preceding motor
to render the field excitation and speed of
said motor responsive to the load on the pre-
ceding motor, thereby to cause the speed of
the first motor-driven device to vary in ac-
cordance with speed of the preceding motor
to maintain a predetermined pulling tension
on the stock between the metal-working de-
vices. I

4. In a control system for a rolling mill
having a series of separte roll sets disposed to
act simultaneously upon a continuous piece of
material, in combination, a motor for actuat-

ing each roll set, said motors having inter-’

connected field windings for rendering the
field excitation of one differentially respon-
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sive to the load on the preceding motor to
produce a speed balancing effect between each
two motors of the series, and means for vary-
ing the field excitation of the motors inde-

pendently of the load to regulate the initial’

relative speeds of the series of motors, to be
maintained by the interconnected field wind-
Ings.

5. Ina metal-reducing machine in combi-
nation, a plurality of metal-working devices
arranged in tandem to operate on and ad-
vance a length of stock, separate motors for
operating the respective devices, each .motor

aving an armature and compound field
windings so arranged that a field winding as-

sociated with each motor, excepting the last,
is’excited by the armature current flowing in
another motor to maintain a predetermined
speed relation between the respective metal
Wolliking devices regardless of the speed of the
mill.

6. In a control system for a rolling mill
provided with tandem roll sets for reducing
metal stock, in combination, a motor pro-
vided with shunt and series field windings
and a differential-field windine for driving

each roll set, the differential-field winding

of the first motor being connected in the ar-
mature circuit of the second motor, a rheo-
stat for adjusting the excitation of the shupt-
field windings to adjust the relative speeds of
the motors in a predetermined ratio for no-
load operation, to predetermine the tension to
be maintained on the stock between the suc-
cessive sets of rolls, said differential-field
windings being disposed to vary the speed of
their respective motors in accordance with
the load 1mposed upon the preceding motor,
thereby to maintain the tension on the metal
stock between the roll sets at substantially
the same value as determined by the shunt
field adjustment.

7. A control system comprising a plural-
ity of metal-reducing devices arranged in
tandem, an electric motor for driving each of
said devices, said motors having armature
windings and compound field windings, a
field winding associated with each motor, ex-
cept the last, being connected in series rela-
tion to the armature of the next succeeding
to cause the excitation of each motor
to be responsive to the load on the next suc-
ceeding motor and its ‘speed automatically
controlled in a manner to maintain a sub-
stantially uniform speed of said devices.

8. A control system comprising a plural-
ity of metal-reducing devices arranged in tan-
dem for working a piece of stock, an electric
motor for driving each of said ‘devices, each

60 Jmotor having an armature winding, a dif-

65

ferential field winding and a shunt field
winding, the differential field winding as-
sociated with one motor being energized by
the current flowing in the armature of the
next succeeding motor, and means for man-

3

ually regulating the current in each shunt

field winding to maintain any desired rela-

tive speed.

9. "A control system comprising a plurality
of metal-working devices arranged in tan-
dem for simultaneous operation on a length
of stock fed by one of said devices to the
other, separate electric motors for actuating
said devices, each motor having an armature
winding, a series cumulative field winding,
a shunt field winding and a differential field
winding, the differential fiéld winding asso-
ciated with each motor being energized by

the current flowing in the armature winding -

of the next succeeding motor and responsive
to the load thereon for varying the speed of
the corresponding motor to maintain a sub-
stantially uniform speed on said miotors, and
means associated with each shunt field wind-
ing for regulating the flow of current there-
through to regulate further speed of said de-
vices. , -

10. In g control system for a rolling mill
provided with tandem roll sets for rolling
metal stock, a plurality of motors provided
with field windings for driving the roll sets,
a source of power for the motors, said motors
being mechanically connected to their respec-
tive roll sets and connected in parallel-circuit
relation to the source of power, one of the
field windings of the first motor being inter-
connected with the armature of a second mo-
tor, means for adjusting the initial speed of
the motors before the stock enters the first
roll set in order to subject the stock to a ten-
sion as it enters each succeeding roll set, said
interconhected field windings being disposed
to vary the speed of the first motor and its
roll set in accordance with the load imposed
upon the second motor as the stock enters the
second roll set, thereby to control the ten-
sion on the stock between the roll sets by
varying the speed of the motor driving the
first roll set. ’ :

11. In a control system for a metal-rolling
mill provided with a plurality of tandem roll
sets, in combination, a plurality of motors
provided with cumulative and differential se-
ries field windings and a shunt field winding
for actuating the roll sets, a source 6f power
for the motors said motors being connected
to the source of power in parallel-circuit re-
lation and the differential series field of one
motor connected in the armature circuit of
an adjacent motor whereby the speed of the
motors is automatically varied in accordance
with the loads on the respective roll sets to
maintain a predetermined tension on the
metal. ST -

12. In a control system for a metal-rolling
mill provided with a plurality of tandem roll
sets, a motor provided with shunt and series
field windings and differential field windings
for driving each roll set, the differential field
winding of the motor driving the first roll set
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being connected in the armature circuit of
the motor driving the second roll set, a rheo-

“stat for adjusting the excitation of the shunt

field winding to adjust the relative speeds of
the roll sets before tle metal stock enters the -
first roll set to determine the tension to be
maintained on the metal stock between suc-
cessive roll sets, said differential windings
being disposed to determine for given load
conditions the relative speed of the motors
driving the successive rol. sets.

“In testimony whereof, I have hereunto sub-
scribed my name this 28th day of March,

1927,
o : DALE W. DEAN.




